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SU^t^AKY 



DurlnK thr Shuttle Puyluada proximity operationa of rendecvouH, retrieval and 
doplovment , the Shuttle payloada will be subject to the effects of possible 
ImpinKeoMMit forces from the Orbiter reaction control systems plumes. There- 
fore, the plume effects must be understood so that appropriate count erns'asures 
are provided through flight mechanics, flight procedures, and design of the 
payloads and payload Interfaces. 

The plume model being used in the Shuttle engineering simulator and other pre- 
nission activities was generated with source flow plume Impingement program 
' ‘Chniques equivalent to those used for the Apollo service module re.ictlor con- 
' rol system plume impingeim'iU analyses for the proximltv operations in the Sky- 
il* program. Agreement between Skylab flight experience and the service module 
K'aetion control system plume impingement model could validate at least part ol 
the Orbiter reaction control system plumt* model. 

Determining the effect of plume impingemi'nt during proximity operations was not 
an objective on any Skylab mission and, consequently, data were not collected 
nor processed for proximltv operations studies; liowever, the analog and bilevel 
telemetry data, television data and voice downlink data obtained during the com- 
i.uind and service nxidule pre-docking approach and fly-around at the beginning ol 
the second visit to Skylab provided data for analysis of proximity operations. 

'n addition, the nearly complete coverage obtained with the lb-ram data acquisi- 
tion camt'ra onboard the command module provided usable data for the study. Tlte 
digital data that made up the nujority of the Skylab data were not available 
tor this study because changes in the ground stations hardware and software 
since the complet ion of the Skylab program deleted the capability to process 
the Skylab digital data. 

The approacn and f’y-around profile was determined from the lb-ram photography, 
television, and time-annotated voice tr;uiscripts . Tlu* flapping canopy on the 
Satuni Workshop parasol was observed in a film sequence photographed at 
.'09:19:14:13 G.m.t., from which measurenx'nts were nude to determine the size 
and shape of the flapping comer, the distance mt>ved, and the rate of movenxutt . 
These data were used to calculate the actuating force using simple force oqua- 
t ions . 

rhe distance and pointing angles fn>ra the service im^dule reaction control sys- 
tem to the parasol flap were also determined from the photography. These data 
and the plume-model profile of dynamic pressure versus distance from the ser- 
vice module thrusters were used to calculate the force on the flap using the 
plume HK'del. 

Agreement between the force equation and pi ume-nx>del-derived results for the 
two flapping actions of a corner of the lightweight parasol canopy was good: 

For the smaller flapping action, the force equation results were 0.574 lb com- 
pared to 0.b02 lb from the plume nu'del. For the larger flapping action, the 
torce was 1.207 lb Irom the force equations compared to 1.14b lb t rom the plum« 
model . 




Th« use of the forward- firing acrvlc* module thruatere A-3 and C-4 during the 
approach and beginning of the fly-around alao placed a force on the Saturn 
Workahop aolar arraya that induced a negative roll moment on the workahop. The 
photographic data, analog data, plume Impingement model, and the workahop geom- 
etry were uaed to determine the force on the aolar arraya and the induced nega- 
tive roll momenta on the workahop. For compariaon, previoualy evaluated Saturn 
Workahop flight data were uaed to determine the poaitive roll torque and moment 
developed by the workahop thruater attitude control ayatem firinga in reaponae 
to the torquea and momenta induced by the aervice module reaction control aya- 
tem plume Impingement on the aolar arraya. 

Agreement between the calculated reaulta was good for the roll atabilization 
of the workahop. The reaulta were a poaitive roll reaponae of 4235 ft-lb-aec 
by the thruater attitude control ayatem compared with 3369 ft-lb-aec negative 
roll induced by the aervice module thruatera uaing the plume impingement model. 

Un the baaia of the meaaurementa and calculat iona , good agreement cxiata be- 
tween the aource flow plume impingement program model for the aervice module 
reaction control ayatem thruatera and the Skylab flight experience for the aep- 
aration diatancea and anglea evaluated. 
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INTRODUCTION 


Tht‘ HtuJv of tilt* pliiroo in|>liigt>imMtt ot tectH of tho Horvico modulo roact ton o«m- 
trol HVMtom tliruMtor flrlngM wan inltlatod to dotermlno It proviouH I I ight ox- 
porlonoo would Hupport tho ourront pli’mo lin(>lnKomiMU modol for tho otbltoi ro- 
act ton control HVHtom onxlnoH. Tho orbttor roact ton control Hyntom In uMod 
for rotational and t ranalat tonal nutnouvorH awh aa tlioao required during lon- 
do 2 voua, braking, docking, and atat lon-kooplng. Thoroforo, an luulorat andlng 
of tho charactor lat lea and offocta ot tho plumo lorco tlolda gonoratod by tho 
reaction control ayatom thruator flrlnga la required to develop tho procoduroa 
t <n' orbltor/payload proximity oporatlona. 

rront orbl tor/pay load prox<mH y-oporat Ion atudloa and tho Shuttle onglnoorlny 
lulator have nuido uao of tho plume modola developed by both the aourcc t low 
I'Uime Impingement program <md a plume Impingement program that uaea the mellitul 
of charuct erlat lea to determine the plume flow field. Agreement between the 
two progr.ima luia been good over the i .inge ol force fle’d anglea and dlataneea 
that apply to thla atudy. Although the orblter reaction control a>atem engleea 
differ algnll leant Iv from the Apollo aervlce nx>dule reaction control ayatem en- 
glnea In al.'.e, ahape and per torm.ince , the aource I low plu-.,- ImplngenxMit program 
plume model techniques are applicable to both the orblter and the aervlce mod- 
ule engines. The method ot charact er lat lea nlume and plume Impingement program 
MiHlel for the aervlce ,ni>dule reaction control ayatem titruater plume w.ia used 
In developing tlu* Apt'llo, Skylab, and Apollo Soytir Teat I’roject rendezvous and 
docking procedures. In each of these previous spaceflight progr.ima, the t light 
procedures were baaed on the predicted effects ol the reaction control ayatem 
plumes and were a.it lat actory with gv>od control being maintained. 

heiermlnlng the effect of plume Impingement during proximity operations w.ia not 
an object Ive for any ot the AjhiIIo, Skylab, or Apollo-Sovuz Teat I’roject mla- 
alona, rather the openit lonal procedures were developed to avoid, not explore 
such effects. Dat.i were not collected nor processed for proxlml t y-oper.it Ion 
studies, but a command and aervlce module pre-docking fly-around Inspection of 
the Saturn Workaliop on the second Skyl.ib visit d<d provide the only usable 
flight data on plume ImplngenxuU In a proximity operation altiuitlon. In tact, 
the fly-around w.ia terminated early, .ind future lly-arounda ivoliled bec.iuse of 
the visible effect of the aervlce mcniule react Ion control ayatem plumes on the 
thermal protection p.ir.isol that had been Installed on the workaliop ilurlng the 
first Skylab visit. The parasol fabric canopy flapped vigorously In the force 
field generated within the reaction control ayatem thruster plumes. 

The St tidy covered by this report was based on the fly-around experience ot the 
.-lecond Skyl.ib visit. Although available flight data were limited, as at.ited 
previously and discussed In the Dat.i Section, the comparisons perfoiraed between 
values c.ilculated from flight experience .ind those caliulated from plume models 
were In two c.ifegorles: 

a. riume Impingement on the parasol t.ibrlc canopy with an Imi'lngemenl 
surl.ice-to-canopy body-weight ratio of about ‘10:1. 

b. riume Impingement on tlie workshi'p sol.ir array panels with .in implnge- 
nx.*nt-surl.ice-to-workshop body-weight ratio of about IJtlOOi). 
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PRE-DOCK I Nfi FLY-AROirND INSPECTION 


Prior to the fly-around maneuver by the spacecraft, the service module reaction 
control system quads B and D (fig. 1) were disabled for plus or minus X trans- 
lations because of a problem with quad B. As a result, the forward-firing 
thrusters A-3 and C-4 were used for braking as the spacecraft neared the wcrk- 
shop and thus were the source of plume Impingement on the workshop. 

Approach to the Saturn Uorksliop with the manned command and service module was 
from below, viewing the -Z underside of the workshop against the dark background 
of deep space (fig. 2). The workshop first appeared In the field of view of the 
16-mm data acquisition camera at a distance of about 1200 feet. At a distance 
of about 165 feet (fig. 3). some motion of the parasol (see section on Plume 
Impingement on Saturn Workshop Parasol) was observed In the 16-mm photography. 
Although the parasol was mounted on the -fZ scientific airlock, parasol motion 
was sometimes visible from the -Z side because the workshop was rolled approx- 
imately 26* clockwise, a position that roughly aligned the camera with the 
workshop wardroom window. 

The approach ended at a distance of about 137 feet, and the command and service 
module moved along In the +X direction of the workshop around the docking ring, 
and to the +Z side of the workshop. There the +Z (top-side) of the workshop 
was viewed with the sunlit earth in the background. As the parasol came Into 
the field of view of the camera, parasol canopy flapping was observed at a dis- 
tance of about 160 feet. The fly-around was terminated because of the exces- 
sive flapping of the parasol as the distance decreased to about 134 feet. 

As the spacecraft was backed away from the workshop to begin the docking se- 
quence. maneuvers to minimize plume Impingement resulted In spacecraft attitudes 
that prevented continuous photography of the parasol. The spacecraft was closest 
to the workshop while passing along the -Z underside of the multiple docking 
adapter portion of the workshop. 

The fly-around profiles In figures 2 ind 3 were derived from measurements and 
observations made from the motion picture film (ref. 1), video tapes (ref. 2). 

.ind time-annotated air-ground voice transcripts (ref. 3). The measurenu'nts 
and calculations are discussed further In the Data section of this report. 

Two flapping motions of tne forward right-hand portion of the parasol canopy 
(209:19:14:33 G.m.t.) were the only sequences of the 16-mm film In which the 
rate of motion of the parasol canopy was within the frame-rate resolution of 
the film, and where the view angle presented measurable parasol configuration 
Uments in each frame. These two flaps of the parasol canopy and the effect 
of plume Impingement on the fabric canopy are discussed In the section of the 
report on Plume Impingement On Tlie Saturn Workshop Parasol. 

Counterclockwise roll torques were induced on the workshop by service module 
reaction control system thruster plume Impingement on the solar arrays when the 
spacecraft approached the -Z underside of the workshop at the start of the fly- 
around. The workshop had previously been placed In the nominal momentum cage 
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modv for stabilization and control. In this node, the tti^Bvity-itradient atti- 
tude was maintained by the control moment Kyro<* and the reactions caused by 
events such as vent dumps and plume Impingement were stabilized by thruster 
attitude control system firings. No vent dumps occurred during the approach 
and fly-around period, therefore, the firing commands to the thruster attitude 
control system were to negate the effects of the service nodule reaction con- 
trol system thruster plume impingement and thereby maintain workshop stabili- 
zation. Tl)e workshop roll effect from reaction control system thruster plume 
implngemt‘nt on the solar array is discussed in more depth In that section of 
the report. 


PLUME IMPINGEMENT MODEL 


The service module reaction control system plume model used was developed for 
0 desktop calculator and was based on the source flow plume impingement program 
(ref. 4), Instead of the method of characteristics plume flow plume Impingement 
program that was utilized on the Apollo, Skylab, and Apollo-Soyuz test programs 
Studies hiive shown that a source flow plume can approximate the plume fU>w de- 
scribed by the method of characteristics quite satisfactorily In the plume far 
field (where the distance between the thruster and impinged surface is greater 
than ten times the exit diameter of the thruster nozzle) and under vacuum or 
near vacuum conditions. The shortest distance between the service module re- 
action control system nozzles (exit diameter about S.5 in.) and the workshop 
during the fly-around was over 9U feet, a distance that Is well into the far 
field. 

The lines of constant dynamic pressure for the plume force field in figures 4, 
and 6, were generated on the basis of the source flow plume lmplngemL>nt pro- 
gram to a distance of over 300 feet for this study. Although single-plane two- 
dimensional conditions are Indicated In figures 3 and b, calculations of the 
effects of the plume dynamic pressures on the workshop parasol and solar arrays 
Included the three-dimensional considerations. 

The limiting turning angle, 0j, for the gas was assumed to be H/2 radians be- 
c.iuse of the relative positions of the workshop and spacecraft during the ap- 
proach and fly-around sequence. The variable specific heat ratio, t, was ap- 
proximated by a constant specific heat ratio of 1.28 for the monomethyl liydra- 
zine/nltrogen tetroxlde bipropellant. 

'Hie source flow plume Impingement program provided a reasonably accurate basis 
for the comparison of the service module reaction control system plume impinge- 
iu.nt model and the Skylab flight data. Similar techniques with the plume Im- 
pingement program were used to generate the orblter reaction control system 
plume Impingement model. Although the propellants were the same, differences 
between the orblter and service module reaction control system engines were 
recognized, l.e., total thrust 900 lb versus 90 lb, expansion ratio 22:1 versus 
40:1, and mounting internal to moldline and shaped to fit versus external mount 
ing. 
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PI.UME IMPINCEMENT ON SATURN WORKSHOP TARASOL 


A 25-foot by 23-fooC lainlnated fabric paraaol (fig. 7) waa attached to the 
workahop through the -fZ scientific airlock on the flrat manned visit. Thla 
paraaol thermally protected that portion of the -fZ 'ilde that was 'incovered when 
the mlcrometeorold ahlald was lost Ing the Skyl/tb launch. The 16-mm phutog- 
. raphy taken from the command module during the prr-docking approach and fly- 
around maneuver on the second visit (ref. 1), ah^wed part or all of the para- 
aol'a flexible canopy flapping vigorously from eervlce module reaction control 
system thruster plume Impingement wiienever the ^^pacecraf t was within about 160 
feet of the workshop (figs. 2 , 3, 3). Some py^tlon of the parasol was In the 
field of view of the camera about half the time during the photographic cover' 
age from 209:19:03:30 C.m.t. to 209:19:19:00 G.m.t., and paraaol motion was 
observed about 70 percent of the time when the parasol was In view. Selection 
of a usable frame sequence to measure pa’ asol motion was difficult because of 
the unfavorable relationships between parasol motion and camera view angle and 
camt’ra frame rate. However, at 209:10:14:33 G.m.t., a sequence covering two 
flapping motions of the forward corner of the parasol (figs. 5 and 7) was usable 

The size and shape of the flapping forward comer, the motion rates, and dis- 
tances moved during the sequence were determined from the 16-mm photography, 
as was the separation distance and attitude relationship between the workahop 
parasol and the service module reaction control system thrusters (figs. 8 and 9) 


Pluipc Model Calculations of Force on Parasol Corner 

The parasol motion measurements established the position of the parasol In the 
force tleld of the service module reaction control system thruster plume model 
(figs. 5 and 10). The force on the parasol corner for the two flapping motions 
was as follows: 


Thruster 

Smaller flap 

Larger flap 

A-3 plume dynamic pressure, Ib/ft^ 

0.00455 

0.00446 

C-4 plume dynamic pressure, Ib/ft^ 

0.00298 

0.00302 

Combined force, lb 

0.602 

1.346 

Canopy area of flapping motion, ft^ 

80 

180 


Force Equation Calculations on Paraaol Corner 

The parasol canopy was an assembly of nine strips of GT-76 Nylon rip-stop cloth 
that was laminated with aluminized Mylar. Each strip measured 2.5 feet by 25 
feet, and when sewn together, the nine strips formed the 23-foot by 25-foot 
canopy, and weighed about 0.177 ounce/ ft^. Stiffness of the canopy material 
was determined by ground tests that were required for design of the deployment 
and unfolding mechanical design (ref. 5). Numex tape reinforced the canopy 
edge, and Polybenzlmadazole cording formed attaching loops at the four corners. 





The canopy waa supported by four teleacoplnK rods (fig. 7) that were altaclied 
to the comer loops by Polybenzimadazole cord. These forward two rods were 
not fully deployed on the first visit, allowing considerable slack and freedom 
for parasol flapping (ref. b). Tlte possibility of canopy support-tube deflec- 
tions having an effect on the flapping characteristics of the canopy was rec- 
ognized, and the results of the tube deflection ground tests were considered. 
However, no appreciable tube-deflection effects were apparent In the photography 
of the flapping sequence at 209:19:14:33 G.rn.t. 

The size, shape, distances, and rates were applied to simple force equations 
tor the lifting and rotating movens'nt observed; and the results of the stiff- 
ness tests were applied to the canopy seams, edge seams, and unseamed material 
to determine the bending forces Involved In the flapping actions. The total 
force required to produce the mt>asured nu>vens*nt of the flapping parasol corm-i 
observed in the photography was as follows: 



Snuiller flap 

Larger flap 

Lift Ing force, lb 

0.248 

0.703 

Rotating force, lb 

0. 307 

0.481 

Bending force, lb 

0.019 

0.023 

Total, lb 

0.574 

1.207 


Comparison 

A comparison of the results of force equation calculations with the results of 
the plume nw^del calculations showed reasonably good agreement. 



Smaller flap 

Larger flap 

Force equations, lb 

0.574 

1.207 

Plume model, lb 

0.b02 

1 . 34b 


PLl»ME IMTINCKMENT ON SATl'RN WORKSHOP S01.AR ARRiWS 


As the spacecraft approached the -Z side of the workshop to begin the fly-aruuiul 
(figs. 2 and 3), the forward-firing reaction control system thrusters, A-3 and 
C-4 (fig. 1) that were used for braking impinged on the panels of the workshop 
solar array and Apollo telescope mount solar array (fig. b) and Induced a nega- 
tive roll torque on the workshop. The workshop thruster attitude control sys- 
tem responded to the external forces by firing positive roll thrusters J and • 
(fig. n to maintain the desired workshop orientation. Tliese data were detei- 
mlned from a selected 3-mlnute period of data beginning at 209:ld:0S (J.ra.t. 
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At th« time of the Mppro«eh ami (ly-arouml, the workahop waa in an .ittltnde con- 
trol im>Je In vrtitch the control rao«*'nt itvro'a maintained the workahop In the 
gravity gradient attitude and the thruater attitude control ayatem waa heintt 
uaed to nuilntaln atablllty ciMitrol In renard to the etfect of external dtalurh- 
ancea. IU>wever, with no cn*w onbo4trd and no ventlnii occurrlnn, the only al^- 
niflcant diaturbancea requiring thruater attitude control ayatem operat Ion were 
from »he aervlce xx'dule reaction control ayatem thruater plume Impingement. 


InductHl Nenat Ive Roll Determined by Plume Model 

Tl - parat Ion dlatancea an 1 point Inn re lat lonahlpa between the workahop aolar 
at and the aervlce nu'dule react ion control ayatem thruatera during the ip- 

pro.il and tly-around were determined. Tlieae meaaurementa eatabllalted poalttona 
ot ihi nolar arraya In the force field of the reaction control ayatem plume 
model lllg. f). The calculated v.«luea of the nenat Ive roll torque, table I, 
Induced bv the aervlce module teacllon control ayatem thruatera A- 1 .md t'-« 
durinn the *»-mlnute period wi*re baaed on the pluoK' nx'del dN’iiamlc preaaurea, 
aervlce module reaction control avatem thruater firing t Imea trinn the recorded 
analog data (ret. 7), and the iP-mm photography. 


Poaltlve Roll Reaponae D»*termlned From Satunt Workahop Data 

The poaltlve roll reaponae (table 11) from the flrlnga of the workahop thruater 
attitude control ayatem thruatera waa calculated on the baala of the average 
rate gyro output data (ref. 8), the Impulae uaage required (ret. »») , and the 
workahop dlmenalona (tig. ll). Tlu* analog thruater attitude control ayatem bl- 
’evel data (ref. 7^ were Invalid during thla t lm«’ period and could not be used 
til determine thruater tiring tlmi'a. 


ronqiar Ison 

A comparlaon ot the reaulta of the poaltlve roll torqtie baaed on calculatlona 
Irom the workahop thruater attltiide control ayatem data with the negative roll 
torque baaed on plume Impingement tiKidel calculat Ion ahowed reaaonably good 
agreement with a poaltlve roll torque of J3n‘> ft-lb-aec and a negative roll 
torque of tt-lb-aec. 


DATA 


Availability ot Data 

T1k‘ Skvlab mlaalona produced a vaat amount of recorded data, much of which h.ia 
been uaed In engineering analyaea aa well aa extenalv«* aclentlflc analyaes. 
During the Intervening veara alnce the com|letlon of the laat Skvlab mlaalon, 
Febniarv 8, l'<74, and the beginning of thla atudy, the computer-comi'at Ible 
ruiater tapes have been archlve»i, l.e., stored and nuide available upon request 
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TAB-.E 1 - I1CJCE0 HL'ni/E ROLu BASED L* PL'J« *«DE. AK) SPACECRAf* 














for additional analyala requirement a. However, the hardware and aoftware of 
the com^iatlble computer data proceaalng centers at Johnson Space Center and 
Marshall Space Flight Center have been changed to accommodate the Space Trans- 
portation System programs. Consequently, the Sky lab-recorded digital data can 
no longer be reduced by the two ground stations. 

To process the digital data, new programs that are compatible with the existing 
ground stations would liave to be written and verified, or new ground station 
hardware and software that Is equivalent to the previously compatible config- 
uration would tuive to be built. Neither of these options were within the scope 
ot tills study or Justifiable from a cost standpoint, since special programs were 
still available at Johnson Space Center to process some of the Skylab analog 
vlita. These programs were us>'d to produce bilevel strip chart records of the 
scr\’lce ok^dule reaction control system and workshop thruster attitude control 
system firing times during the approach and fly-around period covered by this 
study. 

The analog data were subject, of course, to the common problems of occasional 
data dropouts and excessive noise. Some of the service module reaction control 
system thruster firing analog bilevel data wore Invalid because of data dropouts. 
Almost all of the wrkshop thruster attitude control system thruster firing 
analog bilevel data wt>re Invalid during the approach and fly-around because 
noise masked the data. 

Although no studies were made of plume impingement effects during the approach 
and fly-around proximity operations, some fringe data that were applicable to 
this study appeared In the post flight evaluation documentation of the Saturn 
Workshop Attitude Pointing Control System (ref. 8). 


Photographic Data 

The 16-mm film taken from the command module during the approach and fly-around 
was used for film Inuige measurements to calculate the spacecraft-workshop sepa- 
ration distances and determine the location and orientation of the workshop in 
the force field of the plumes from the service module reaction control system 
thrusters . 

Coordination between the 16-mm film, the television video tape record, and the 
time-annotated air-ground voice transcripts provided timing for the situations 
observed and studied. Figure 8 shows the method used to determine the space- 
craft-workshop separation distances. The method applied simple trigonometry 
to the combination of known camera characteristics, size of workshop elements 
(dl .imeters) , and film Image measurements to find the distance from the camera 
to the workshop. An additional 8 feet was added to the calculated distance 
between the workshop and the camera to arrive at the service module reaction 
control system thrusters A-3 and C-4 positions, that are about 8 feet behind 
the camera location in command module window. 

Figure 9 shows the method used In the calculation of the attitude-orientation 
pointing-angle between the command and service module and the Saturn Workshop. 
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IVo points were selected on the workshop where the diameters were known, the 
distance between the points was known, and the points were measured on the 16-mm 
film. The angle was then determined. 

Using the methods described in the previous paragraphs, distances and angles 
%<rere measured from the photography, calculated, and plotted at about SO differ- 
ent positions in the approach and fly-a round sequence. 

Figure 10, as well as figures 5 and 6, indicates the location and orientation 
of Lite workshop in the plume force field and from these data, a determination 
of the dynamic pressure on the parasol and on tlie workshop solar arrays was 
madt*. In laying out plume patterns, adjustments were nkide for the 10* cant 
angle fur the A-3 and C-4 thrusters, and for the offset from the camera axis 
to the A-3 thru»ter (approximately 3.5 feet), and to the C-4 thruster (approx- 
imately 10.3 feet). 

Parasol movements and flap sizes were calculated in a similar manner from known 
dimensions and measurements of images on the Ib-mm film. 


Recorded Data 

The spacecraft analog data tapes were processed to provide bilevel strip cluirts 
of the service module reaction control system thruster firings (ref. 7). The 
data for all 16 thrusters (table 111) were reviewed, confirming the inactivity 
of quads B and D and showing that most of the activity during the approach and 
fly-around was with the forward-firing thrusters, A-3 and C-4. The accumulated 
A-3 and C-4 thruster time data for the selected time period were used in the 
calculation of accumulated negative roll torque Induced by plume impingement 
on the solar arrays. 


Documented Data 

Digital data were processed for the post flight evaluation of the workshop/ 
orbital assembly attitude pointing control system, and portions of these data 
were presented in some of the figures in the evaluation report (ref. 8) to sup- 
port the discussion of the docking operation on the second visit. In some of 
these plots of the flight <ktta, the time period covering the approach and fly- 
around was included with the docking sequence. As a result, the average rate 
gyro output data wi're available for this study as fringe data from the attitude 
pointing control system evaluation documentation. These data were used in de- 
termining the workshop positive roll response. 

Documented data for the workshop thruster attitude control system impulse usage 
rate to maneuver the workshop was provided by the Operational Data Book (ref. 9). 
These data were also used In determining the workshop positive roll response. 

Tlie service module reaction control system plurot^ model used and discussed in 
the report on the plume impingement model wan generated on the basis of the 
source flow plume Impingement program (ref. 4). 
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Other Sources of Inforast loi.< 


The Sky lab best estimate trajectory (SKYBET) data tabulations and prints ot 
t Isie history reports in formatted tabs (THRIFT) near-real-t loe data were exam- 
ined as possible sou’.ces of Information. Althounh too gross in resolution and 
s>tmple rate, the discernible events and trends confirmed the results of the 
study. 

The workshop dimensions that were used (fig. 11) were collected from many Sky- 
hib project documents. Including handbooks, reports, data books and drawings. 
Parasol character Istlcs were provided bv construction drawings and test re- 
ports (ref. 5). 

Ill addition, flight control logs, flight controllers, subsystem specialists, 
and flight crew members were consulted and contacted for addltloiuil details, 
clarification, and personal observations. 


CONCLUSIONS 


Ci>od agreement exists between the study results using Sky lab flight data, and 
the results using the source flow plume Impingement program model for the ser- 
vice module reaction control system. 

Techniques used in the generation of source flow plumi' Impingement program models 
are acceptable, based on the agreement of study results using Skylah flight data, 
and results using the afore stated plume Impingement model for the service mod- 
ule reaction control system. 

The agreement between the applications of Skylab flight data and the source 
flow plume Impingement program nxidel for the service module reaction control 
system was true for the Impingement forces lifting a part of a lightweight par- 
asol canopy on the Saturn workshop, and also for the Implngeau'nt forces on the 
solar arrays Inducing rolling moments on the heavier Saturn workshop. 

Plume Impingement from the forward-firing spacecraft thrusters (A-3, C-A) caused 
nk'vement of the workshop parasol canopy from as far away as 165 feet. 

Plume Impingement forces from the forward-firing service module reaction control 
system thrusters A-3 and C-A against the solar array panel surfaces during the 
approach and fly-arouud from about 2bS feet to about 100 feet separation dis- 
tance was sufficient to Induce negative roll monx'nts on the workshop thus caus- 
ing the vx>rkshop thruster attitude control system to respond. 

Future retrieval and processing of Skylab digital data will require either new 
programming that will be compatible with the stored data and with the present 
ground station, or changes to the present ground station to make the station 
compatible with the stored data. 
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E thru 0 For identification of each 
position, see second paqe 
of figure. 



(a) Proximity operations. 


Figure 2.- Pre-docking approach and fly-around on second visit to Skylab. 






Time from 209:19:00:00 G.m.t. , minutes 
Figure 3.- Spacecraft, <»or<shop and parasol during approach and fly-around 








Figure 4 - Connanc anc service nofluie reaction contro' syster plume impngerert 






(a) Spacecraft /workshop separation distance of 100 feet. 


Fiqtire 6.- Saturn workshop solar arrays in plume impinqement model force fields 
for reaction control system thrusters A-3 and C-4. 
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(b) Spacecraft /work shop separation distance of about 200 feet, 


Fiqiire 6.- Continued. 
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(c) Spacecraft Aworkshop separation rfistance of about 265 feet. 


F inure 6.- ConcludeH. 







*• - Known ticld-ot-vicw anyle 
of 16-mni camera 
23.4" X 32.6" 

B = Known workslwp diameter 

B'=»B 

C = Measured workshop image on film 

D = Distance from spacecraft camera 
to worksliop X-Axis 

E = Known 16-mm film frame size 
0.295 in. X 0.404 in. 
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Figure 8.- Finditig worksliop-spacccraft separation distances. 
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a = K'lown distance between two selected points on workshop. 

b and c = Calculated distances (figure 8) from spacecraft 
camera to the two selected points on workshop. 

0 = Angle of camera centerline with workshop X-Axis. 


Figure 9 . - Finding 


attitude orientation angles between the spacecraft and workshop. 



(a) At parasol 

Fiqure 10. -Dynamic pressure. 



Plane twrmal to plume core 
and 124 feel from service 
module reaction control 
system A-3 thnister 


/ 



Plane normal to plume core 
and 119 feet from service 
module reaction control 
system C-4 thnister 



Parasol” 


Dynamic pressure- 

From A-3 thnister (124 ft. x 17 ft.) : 0.00455 Ih/ft^ 
From C-4 thnister (119 ft. x 42 ft.); 0.00324 Ih/ft' 


(h) From plume impingement model 


Figure 10.- Concluded. 
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